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Abstract 
Ni-Cr-Mo alloys show a remarkable corrosion resistance in a wide variety of environments. These alloys 
are candidate materials for the corrosion resistant engineered barriers of nuclear repositories. Ni-Cr-Mo alloys 
are susceptible to crevice corrosion in aggressive conditions, such as high concentrations of chlorides, low pH 
and high temperatures. The aim of this study was to evaluate the application of electrochemical noise 
technique to the study of crevice corrosion of alloy 22.  
Potential and current noise records were obtained from alloy 22 samples with and without crevice 
formers in several corrosive environments. The obtained records were analyzed in the time domain, and 
through statistical parameters. The objective of this analysis was to obtain confident parameters to detect 
crevice corrosion.  
Noise records obtained from tests where crevice corrosion occurred showed a clear drop in potential 
along with an increase of current. On the contrary, in the cases where there was no crevice corrosion, only a 
gradual increase in the potential is observed in the noise potential records.  Analyses over statistical 
parameters of the records show that the current noise standard deviation is sensitive to the corrosiveness of the 
environment (temperature and solution composition) and to the occurrence of crevice corrosion. 
The results indicate that, within electrochemical noise technique, the voltage drop and the simultaneous 
increase in the current record are the most important parameters for monitoring crevice corrosion of alloy 22. 
The analysis of the standard deviation of the current records may complement these measurements. 
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1. Introduction 
Alloy 22 (UNS N06022) is one of the most versatile alloys in the Ni-Cr Mo family; it was designed to 
withstand the most severe corrosive environments. This alloy contains nickel as base metal, 22% chromium 
(Cr), 13% molybdenum (Mo) and 3% tungsten (W) (Rebak, 2000, Rodriguez, M et al., 2009). These Cr and 
Mo contents give outstanding protection against oxidizing and reducing conditions. Alloy 22 has excellent 
resistance to localized corrosion in chloride solutions at high temperatures. For this reason it is often used in 
processing equipment that require high resistance to aggressive environments as those found in paper industry 
and radioactive waste treatment (Rebak, 2000, Rodriguez, M et al., 2010). Due to its excellent performance in 
a wide variety of environments, alloy 22 is considered for the manufacture of containers of radioactive waste 
at Yucca Mountain repository (Gordon, 2002). Despite its high resistance to corrosion, alloy 22 is susceptible 
to crevice corrosion in some aggressive conditions, such as high temperatures, high concentrations of chloride 
and low pH (Rodriguez, M et al., 2009, Rodriguez, M et al., 2010). The purpose of this work is to analyze the 
possibility of using electrochemical noise technique to detect and study crevice corrosion in alloy 22. 
Electrochemical fluctuations occur spontaneously, in current and potential measurements, and contain 
information on the corrosion mechanism (Cottis and Turgoose, 1999). Electrochemical noise technique 
acquires records of these fluctuations and analyzes the obtained data. The use of electrochemical noise 
technique provides information in real time without altering the studied system by external potentials (Cottis 
and Turgoose, 1999, Cottis, 2001, Micalonis et al., 1996). The use of this technique in the nuclear field is 
promising, not only in the characterization of corrosion resistance, but also as a method for in situ corrosion 
monitoring (Micalonis et al., 1996). 
The analysis of the records (current and / or potential) obtained by this technique is essential to get 
information about the studied system. There is not a unique way of doing this analysis, but it depends on the 
expected form of corrosion and on the experimental setup. Sometimes it is necessary to perform various types 
of data analysis to evaluate which parameters are useful to a particular case (Cottis and Turgoose, 1999). The 
first form of analysis is the direct evaluation of the temporal records of potential or current and their variation, 
and the observation of simultaneity between current and potential curves. Another type of analysis is 
performed by calculation of statistical values of the records (average, standard deviation, skew and kurtosis, 
etc.) or by frequency analysis of the signal. Both, statistical parameters and frequency calculations are based 
on the premise of stationarity of the signal. Therefore, they are most appropriate techniques for the study of 
stationary phenomena such as general corrosion (Kovac et al., 2005). 
Crevice corrosion is usually detected using the direct analysis of the data. The expected indication for 
the presence of this type of corrosion is a potential drop sustained over time and the simultaneous increase in 
current (Cottis and Turgoose, 1999, Cottis, 2001). In this work we studied the potential drop and some 
statistical parameters. In addition, after reaching steady state, we tried to determine whether these parameters, 
by themselves, may indicate the presence of localized corrosion.  
2. Experimental procedure  
For this work we used a Gamry Reference 600 potentiostat and the ESA 410, specific software for 
electrochemical noise studies. The electrode assembly consisted of two working electrodes of alloy 22 and a 
saturated calomel reference electrode (VSCE = 0.244VENH). This disposition allows the simultaneous 
measurement of potential and current noise. A conventional electrochemical cell of 1000 ml capacity was 
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used. The reference electrode was located in a refrigerate compartment outside the cell, connected to it by a 
Luggin capillary. The cell temperature was kept constant at 90 ° C using a thermostatic water bath. The cell 
has a refrigerated condenser to prevent solution loss by evaporation. Both the thermostat and the cell were 
placed in a Faraday cage of aluminum (grounded) to provide insulation from external noise. All the tests were 
conducted under conditions of natural aeration.   
Rectangular specimens of alloy 22 (155 mm x 17 mm x 3 mm) were used as working electrodes. The 
exposed area of the sample was 6.4 cm2 (640 mm2). The specimens had a central hole through which a 
titanium screw was introduced holding the artificial crevice formers based on ASTM G48, 2005. Ceramic 
crevice formers were covered with thick Teflon (PTFE) tape. The applied torque was 5Nm. The screw was 
isolated from the sample with Teflon tape. Samples were polished with SiC abrasive paper number 600, one 
hour before the test.  
Three different solutions were used for the test:  
• Solution 1: 1M NaCl solution acidified with HCl up to a pH of 2. This solution induces crevice corrosion in 
alloy 22, at 90 °C. 
• Solution 2: 1M NaNO3 solution. This solution inhibits crevice corrosion in alloy 22, at 90 ° C.  
• Solution 3: 1 M NaCl, 0.001 M FeCl3 (oxidizing agent) solution acidified with HCl up to a pH of 2. This 
solution is very corrosive and produces severe crevice corrosion in alloy 22, at 90 ° C.  
        Tests with solution 1 were performed at 23 ° C (room temperature) and 90 º C; solutions 2 and 3 were 
tested at 90 ° C. Three tests were performed for each condition, measuring the potential and current noise 
simultaneously, up to stabilization of the values. Stabilization took 12 to 24 hours for solutions 1 and 2 and 4 
hours for the solution 3 because of its high corrosivity. The data collection frequency was 2 Hz. Specimens 
were then visually examined to confirm the presence of crevice corrosion. 
The first analysis of the obtained data was done over potential (E) vs. time and current (i) vs. time 
records. The statistical analysis was done in time intervals of 1024 seconds. The time intervals were selected 
from the last section the records, where stabilization was reached.  
Electrochemical noise records may be contaminated with unwanted noise sources, for example, power 
line noise, reference electrode noise, voltage spikes generated on the start up or shutdown of certain equipment 
and noise from measurement equipment itself. Some of these sources can be avoided by using filters and a 
Faraday cage, others such as noise generated by the measuring equipment can not be eliminated. The 
equipment noise can be estimated by an electronic cell or dummy cell. The estimation was made by connecting 
the computer to the dummy cell and making a measurement by the regular standards of the test (using the 
same current and potential ranges, the same measurement frequency and filters). The recorded noise was 
analyzed in identical way that the records of the other noise tests and serves as a basis to compare and confirm 
the records of the electrochemical processes. The statistical analysis took into account the values obtained 
from the dummy cell, to distinguish the noise signal caused by the measuring equipment.  
3. Experimental procedure  
3.1. Potential and current records 
Three tests were made for each condition, Figures 1 to 4 present the different records obtained for alloy 
22 in the different conditions studied. To simplify the lecture of the graphs, only one record per condition is 
shown.  
Figure 1 shows potential and current records of alloy 22 in solution 1 at room temperature, with and 
without crevice former. The two potential curves show stabilization of passive layer of the alloy, between 0 
and 50 mVSCE. The currents registered in both cases figure 1(b) were low (10 to 12 PA). No crevice corrosion 
was found on these samples after the test, figure 5(a).  
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Figure 1: (a) Potential vs. time records from alloy 22 in solution 1 at 23 ºC. (b) Current vs. time records from 
alloy 22 in solution 1 at 23 ºC. 
 
Figure 2 (a) shows potential records of alloy 22 in solution 1 at 90ºC with and without crevice formers. 
On the sample without crevice formers the potential increased up to approximately 40 mVSCE. The sample 
with crevice formers show a temporal increase of the potential with a later drop of the values of 
approximately 20 mV to a final potential around -160 mVSCE. All creviced samples tested in this environment, 
showed a similar behavior. Current records of the same creviced sample, in Figure 2 (b) showed an increase in 
the current value in correspondence to the potential drop. Also in Figure 2 (b) the different signal amplitude of 
samples with and without crevices can be observed. Figure 5(b) shows the damage found in the creviced 
sample after performing one of the tests. 
 
 
Figure 2: (a) Potential vs. time records from alloy 22 in solution 1 at 90ºC. (b) Current vs. time records from 
alloy22 in solution 1 at 90ºC. 
 
The figures 3 (a) and 3 (b) show potential and current records of alloy 22 in solution 2 (corrosion 
inhibitor). No crevice corrosion was found at 90ºC. Potentials stabilized at 0 VSCE and currents were in the 
range of 11 to 14 ȝA. No difference was found between samples with and without crevice formers. 
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Figure 3: (a) Potential vs. time records from alloy 22 in solution 2 at 90ºC. (b) Current vs. time records from 
alloy 22 in solution 2 at 90ºC.  
 
The figures 4 (a) and 4 (b) show potential and current records of alloy 22 in solution 3. This solution is 
highly corrosive for the alloy. The observed potentials (0.2 and 0.5 VSCE) were significantly higher than the 
ones found in solution 1 at 90ºC. Records were shorter in length, because of the important attack found in the 
probes, Figure 5(c). 
 
 
 
Figure 4: (a) Potential vs. time records from alloy 22 in solution 3 at 90ºC. (b) Current vs. time records from 
alloy 22 in solution 3 at 90ºC. 
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Figure 5: Images of tested samples, with crevice formers (a) solution 1, at 23ºC. (b) Solution 1, at 90ºC. (c) 
Solution 3, at 90ºC. 
3.2. Statistical analysis 
Statistical analysis was performed by taking intervals of 1024 seconds (2048 points) after performing a 
linear detrend of the data. Results from statistical analysis indicate that the parameter that best indicate the 
different corrosive behavior is the standard deviation of current records. 
The calculated results for skew and kurtosis did not reveal any correlation. Figure 12 shows current 
records standard deviation results for alloy 22 in the different environments tested. In the same graph the 
result for the dummy cell [2.3 x 10-8 A] is shown.  
The analysis of standard deviation values indicates that this parameter is sensitive to the temperature and 
to the aggressiveness of the solution as well as to the presence of crevice corrosion in the samples. An 
increase in the current standard deviation values was observed with the increase of temperature and 
corrosivity of the media. In the presence of crevice corrosion, the standard deviation of the records was even 
higher.  
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Figure 6: Current standard deviations for the different tested environments and the standard deviation of the 
current noise generated by the dummy cell. 
4. Conclusions 
Crevice corrosion incidence was clearly showed by the drop in potential values and the simultaneous 
increase in current records. This result indicates that the technique is effective for detecting crevice corrosion 
in alloy 22. The standard deviation of the current records may complement these measurements.  
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